Erosion of a glass ionomer cement in acetic (AA), lactic (LA), citric (CA) and hydrochloric acids (HA) was investigated by means of chemical analysis, SEM observation and infrared (IR) spectroscopy.
DISCUSSION
As shown in Table 1 , Na and F were leached more than the other species in DW. These results agreed with those reported by Wilson2), who showed that the main species released from ASPA cement were Na, Si and F. On the other hand, Na and F leached into DW from 0.1g of the cement powder, which corresponded to the powder content in a set cement, were 3.84 and 6.29ppm, respectively and they were less than those from the set cement (Table 1) network forming cation such as Al3+.18) This is the reason why the band is broad. When the cement set the band became slightly sharp and had an absorption maximum at 1070 cm-1 and two shoulders around 1160 and 950cm-1. These wave numbers will correspond to those which were assigned to Si-O stretching and Si-OH deformation vibration16) observed in the spectrum for the precipitate. This suggests that the glass particles released most of their cationic species and accepted protons from polyacrylic acid in the cement liquid during setting. Thus, the glass particles in the set cement had many Si-OH groups on their surfaces, that is, a hydrated silicious gel structure. As the cement matrix were eroded by the citric acid, the glass particles were removed from the cement and migrated into the solution. They would release further cationic species by attack of the citric acid and become a silicious gel. This may be a process of formation of the precipitate in 0.01 M CA. This is also the case for 0.01M HA. However, with the HA, the precipitate showed a few additional bands in the IR spectrum (Fig. 5) , which indicates the existence of other substance. The bands around 1620 and 1400cm-1 can be assigned to assymmetric and symmetric stretching vibration of carboxylate ion.14) The precipitate may contain polyacrylate ion derived from the cement matrix. This means that polyacrylic salts in the matrix were leached into the acid and precipitated again. The precipitate in 0.01M CA did not contain the polyacrylic salts nevertheless the matrix was extremely eroded. Therefore the polyacrylic salts in the matrix would dissolve in the citric acid solutions. In the IR spectrum for the residue of the solution, it was difficult to identify the polyacrylic salts because their COO-bands overlapped with those of citrate ion. It is, however, undoubted that polyacrylic salts were contained in the residue. Polyacrylic acid combines ionically with Ca2+ and Al3+ ions to form gels. Especially, Al3+ is found to be very effective for the gelation19,20). It was reported that the equivalent ratios of the cations to the acid where gelation begins to occur were 0.87 and 0.20, respectively19). Accordingly, even if polyacrylic salts were leached into the solution, they would gel soon and precipitate because large amounts of Al and Ca had been also leached into the solution. This could be the case for the 0.01M HA solution. With 0.01M CA solution, as shown in Table 2 , Al and Ca form soluble strong complexes with citric acid and the gelation is inhibited. This is a reason why polyacrylic salts were not contained in the precipitates formed in 0.01M CA. Inhibition of the gelation in citric acid solution was confirmed by the following experiment. A solution containing 250ppm Al and 6.2meq/l PAA was titrated with N/10 NaOH and a white precipitate appeared at pH above 2. Though the solution was treated in a similar manner in the presence of 0.01M CA, no precipitate appeared even at pH of 9.
CONCLUSIONS
The amounts of Na and F leached in DW were more than those of any other species. Sodium and fluorine were liberated from the glass powder during setting and would exist as soluble salts in the set cement. This explains the higher elution of those species in DW.
The amounts of species leached into the carboxylic acids increased in the order of AA, LA and CA. The larger stability constants of complexes between the acid anions and Ca or Al, the more leached. The amounts leached into 0.01M HA were between those into 0.01M LA and CA, though Cl-ion had no complexing ability with those
